Introduction {#sec1}
============

Scabies is a contagious skin parasitosis caused by the mite *Sarcoptes scabiei* variety hominis and is transmitted by person-to-person contact. Adult female scabies mites are around 0.3 to 0.5 mm in diameter and males are smaller.[@bib1] The female mite lays 2 to 4 eggs per day in skin burrows in the superficial epidermis.[@bib2] Eggs take 3 to 4 days to hatch and, after hatching, go through various larval stages before becoming adults.[@bib1] The average infested human has 10 to 12 adult female mites on their body at a given time.[@bib2]

Scabies can be a difficult skin condition to diagnose, as it requires a skin scraping and microscopic detection of the mite, ova, or feces, and the sensitivity of this is low.[@bib2] Multiphoton microscopy (MPM) is a laser scanning microscopy technique that uses label-free contrast based on optical signals generated through nonlinear light-matter interactions. Recent applications of this technology in a clinical setting include detection and diagnosis of skin cancer,[@bib3] and assessing the effects of imaging of cutaneous laser therapy.[@bib4] In these applications, the contrast mechanisms were generally based on second-harmonic generation from collagen fibers and 2-photon--excited fluorescence (TPEF) from nicotinamide adenine dinucleotide + hydrogen, flavin adenine dinucleotide, keratin, melanin, and elastin fibers. In this report, we exploit the fluorescent property of chitin in mites[@bib5] to investigate the ability of MPM to provide a noninvasive diagnosis of human skin affected by scabies.

Case report {#sec2}
===========

A 60-year-old white male home health nurse presented with an itchy rash on his hand and groin region. Based on the patient\'s history and clinical examination using dermoscopy (delta sign), we suspected the patient had scabies. The area imaged was on top of the fourth finger of the patient\'s right hand. In this study, we used an MPM-based clinical tomograph (MPTflex; JenLab GmbH, Jena, Germany) for in vivo imaging of the scabies. We used 100 femtoseconds (fs) of near infrared light (790 nm) to generate TPEF signals from chitin, the predominant component of the exoskeleton of the scabies mite, an arthropod of the class arachnida. Chitin is found to provide endogenous TPEF signal in our detection range (410 nm-650 nm) when excited by near infrared femtosecond pulses. Optical sections of up to 300 × 300 μm^2^ were acquired en-face at different depths ranging from 0 to about 100 μm (5-μm steps for optical sections). The excitation power used was approximately 10 to 20 mW.

[Fig 1](#fig1){ref-type="fig"}, *A* shows a photomicrograph of a scabies mite.[@bib6] According to MPM images ([Fig 1](#fig1){ref-type="fig"}, *B-D*) the scabies mite appeared in the superficial epidermis as an oval body with short legs. The submicron resolution of the technique allowed the visualization of spikes on the top of the mite\'s body ([Fig 1](#fig1){ref-type="fig"}, *B*), and of its short legs ([Fig 1](#fig1){ref-type="fig"}, *C* and *D*). [Fig 2](#fig2){ref-type="fig"} shows a photomicrograph image of mite eggs ([Fig 2](#fig2){ref-type="fig"}, *A*)[@bib6] and MPM images of an egg we acquired in close proximity to the mite ([Fig 2](#fig2){ref-type="fig"}, *B-D*).Fig 1The scabies mite. **A**, Photomicrograph of the scabies mite.[@bib6] MPM images show the spikes on top of the mite\'s body (**B**), and the appearance of legs in the upper left portion of the image (**C** and **D**). Scale bar is 40 μm in all MPM images, and z is the approximate depth of the image below the skin surface.Fig 2The scabies egg. **A**, photomicrograph of scabies eggs (large, light, ovals) and feces (small, dark, ovals).[@bib6]**B**, MPM image of the very top portion of the egg and 2 images deeper through the middle of the egg (**C** and **D**). Scale bar is 40 μm in all MPM images, and z is the approximate depth of the image below the skin surface.

Discussion {#sec3}
==========

We found that MPM is capable of imaging the scabies mite and its eggs in vivo, label free, with submicron resolution. In vivo, high-resolution visualization of the mite is helpful to support a correct diagnosis of the condition, especially as clear diagnosis of scabies can be difficult because it can often mimic other skin conditions.[@bib7]

Other optical imaging techniques such as reflectance confocal microscopy[@bib8] and optical coherence tomography[@bib9] have proved successful for in vivo imaging of scabies mites and their eggs in human skin. Although a higher cost solution compared with these techniques, if available in a clinical setting, MPM can be used successfully for accurate, noninvasive diagnosis of scabies. Besides its high cost, the reduced scanning area currently provided by clinical MPM (300 × 300 μm^2^) represents a significant limitation. In this particular application, an increase in scanning area, while maintaining the submicron resolution, would allow imaging of multiple mites and eggs and a better assessment of the overall severity of the infestation. The MPM technology\'s superior contrast and resolution compared with alternative optical imaging techniques currently used in the clinic have prompted efforts to address these technical limitations by providing solutions that can be implemented in future designs to enhance the clinical value of this technology.[@bib10]
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